SUMMARY
The relation between mortality of people aged 45 to 74 and atmospheric smoke and sulphur dioxide in the county and London boroughs of England and Wales was investigated using data for the years 1969 to 1973. Weighted multiple regression analyses, which took into account a number of socioeconomic and climatic variables, showed no consistent relation of smoke or sulphur dioxide with mortality from all causes or with mortality from specified causes postulated a priori to be related to pollution. In particular there was no significant association between smoke and mortality rates for respiratory illness. Comparison with results from similar analyses of data for the two previous decades suggested that a decline in the strength of associations had occurred in parallel with declining levels of the pollutants.
In the last 25 years a large number of studies have been published about the relation between outside air pollution and mortality,"K all of which have suggested that some portion of mortality -particularly that due to diseases of the respiratory tract-is associated with pollution.
Three studies of mortality in England and Wales have been reported for periods around the census years of 1951 and 1961.1 All three used county boroughs as the areas for which census and mortality data were obtained. Daly" found that mortality from bronchitis was significantly related to indices of both domestic and industrial pollution, based on consumption, after allowing for differences in four social factors. Stocks7 found that bronchitis and lung cancer mortality were significantly related to deposited matter and smoke levels, taking only social class and population density into account. Gardner et al" found that mortality from bronchitis and cancer of the lung were associated with the 1951 index of domestic pollution, Daly's The amount of variation between boroughs in the mortality rates that could be explained by sampling variation alone was calculated as described by Gardner.9 Gardner used the overall mortality rate for ages 45 to 64. As the rates for the two groups 45 to 54 and 55 to 64 were markedly different, the overall rate was affected by the ratio of the populations in the two groups; for males this varied from 0-79 to 1-33. We therefore used the average of the rates for the two age groups. Weighted multiple regressions of the logistic transformation of the mortality rates on the independent variables were carried out for the 95 county and London boroughs for which all data were available, and also for the 70 county boroughs alone. City and Temple, an outlier on mortality data as well as population, was among the London boroughs omitted because of missing data. The 
Results
The 1971 winter mean smoke and S02 levels are shown in the Figure. The levels of smoke ranged from 15.0 ,ug/m3 in Torbay to 225 ,g/m3 in Wigan; the higher values were all for county boroughs. In contrast, the S02 levels ranged from 240 ,ug/m3 in Torbay to 317 ,ug/m3 in Tower Hamlets; the higher values, with the exception of that in Burton upon Trent, were in the London boroughs. The correlation between the two pollutants was low, 025 for the 95 county and London boroughs. Levels of smoke showed significant positive simple correlations with mortality rates for most causes of death at all ages. In general, levels of S02 were less strongly associated with mortality.
The amount of variation in the mortality rates explained by sampling variation alone was a little greater than the 3*6% found by Gardner9 for all-causes mortality in males aged 45 to 64, being 9% for males aged 45 to 54, and 6% for males aged 55 to 64. It was somewhat greater in females and larger for all-cause-specific mortality rates, but for all rubrics chosen the variation explained was less than 50% in at least one age group. The results of the optimally weighted regressions of transformed mortality rates are shown in Table 2 for the 95 county and London boroughs, and in Table  3 for the 70 county boroughs alone. These regressions take into account all the confounding variables shown in Table 1 The inclusion of the limited data on smoking prevalence in the analyses of mortality from all causes and chronic bronchitis in males weakened all the positive associations with S02, as prevalence of male smoking was found to be positively correlated with S02. The correlations were 0*40 for the county and London boroughs, and 0 50 for the county boroughs alone. The data on female smoking prevalence, however, were less strongly related to S02 levels, (r = 0-26 and 0-34 respectively), and their inclusion had no effect on the significant relations found between all-cause mortality in females and S02 in the county boroughs, and chronic bronchitis mortality in females aged 45 to 64 in either set of data.
In analyses in which water hardness was taken into account, missing values reduced the number of county and London boroughs to 88, and county boroughs alone to 66. The inclusion of water hardness in the analysis of hypertensive disease mortality had no effect on its relation with S02, but the association of ischaemic heart disease mortality with S02 in males for the county boroughs was reduced.
In the majority of cases the independent variables explained over 50% of the variation in the mortality rates. The percentage of the variation explained when that due to binomial sampling variation was added was in almost all cases over 70% and in the majority over 80%. The exceptions were mainly in the analyses of hypertensive disease and pneumonia. Table 4 shows the standardised regression coefficients obtained in the unweighted regressions of mortality rates for the 64 county boroughs for which Daly' s index was available in addition to 1971 smoke and S02 levels. The levels of significance found by Gardner8 9 in his comparable analyses of mortality data centred around 1961 and 1951 are also given. compared with those found by Gardner (1958-64, 1 948-54) Although allowance must be made for some differences between Gardner's set of boroughs and the 64 in our analysis, and between the sets of socioeconomic variables, the contrast in the results is striking. We found only one significant association, for mortality due to malignant neoplasms of the stomach, whereas Gardner found significant associations in almost all cases for malignant neoplasms of the trachea, bronchus and lung, and for chronic bronchitis. The percentage of variation explained by our method was higher for these two causes of death in each case than that explained by Gardner's model for either the 1961 or 1951 analysis. Discussion The results for both the 95 county and London boroughs combined and the 70 county boroughs alone showed no significant relation between smoke levels and mortality from any cause. This finding was unexpected in view of the results of earlier studies.68 However, it was supported by the analyses using Daly's index, which showed no relation to mortality in our analyses but which in the past had shown highly significant relations to respiratory causes of death. Daly's index is not a direct measure of smoke but, even 20 years after the measurements on which it was based were made, the correlation between it and 1971 smoke levels was surprisingly high (r = 0.52).
Our results thus show clearly that neither smoke as measured in the year of death nor as estimated in the past was related to mortality rates after allowing for other factors. There were, however, several significant results for S02. Although they may reflect a real effect, a causal role for S02 in mortality independent of an effect of smoke seems unlikely, since there is no reasonable mechanism by which S02 alone in the concentrations found in the ambient air in 1971 could either cause Studies of the chronic effects of air pollution on mortality have been valuable in the past in that they contributed to the evidence that the levels of air pollution were not sufficiently low for good health. However, they suffered from many drawbacks because of the nature of the data. In some of the studies many confounding variables were included but the influence of cigarette smoking, occupational exposure, and other noxious pollutants was never effectively taken into account, principally because of the lack of suitable data. The objection to the positive findings of earlier studies was that the significant associations may have been due to the omission of important confounding variables. In our study, where we found no real evidence of an association even without the extra confounding variables, we asked whether the inclusion of these variables would have increased the significance of the pollution variables. In other words, what alternative explanations may there be for our negative findings?
We have attempted to take tobacco smoking into account in a secondary analysis using General Household Survey data for nine regions. Where there was an association between mortality and smoking the effect of the latter was to reduce the significance of S02.
It was our intention to refer to occupational data if we found any unusual deviation of obserVed mortality from the model because such data might have provided insight into the reasons for the deviation. As no such deviation was found they were not included.
Other pollutants were undoubtedly present in the air. For these to have removed the effects of S02 and smoke from the model, one would have had to postulate that they occurred at higher levels in the boroughs with lower levels of smoke and S02 and that they caused death. The Finally, our model may be insufficient or our data too unreliable. The inaccuracies of both mortality and air pollution data are substantial but they should have been equally substantial for earlier analyses which showed significant effects of pollution. Moreover, the model described in this report fits the data in most cases extremely well, accounting for over 80% of the variation in mortality from chronic bronchitis and malignant neoplasms of the trachea, bronchus and lung, so we believe that neither unreliable data nor a poor model can explain our negative results.
Several recent American studiesF"" have reported positive associations between mortality and various air pollutants but they have suffered from a number of methodological problems. We have tried to avoid some of these problems by using age-and sex-specific death rates, a range of confounding variables including cigarette smoking, relatively small well-populated areas generously served with pollution monitors taking daily samples, and by weighting the regressions to take into account the size of the population units.
We have shown that with these refinements, or as a result of the decline in levels of smoke and S02 or of environmental, social, or population changes for which we have no information, analysis of group data can no longer provide evidence of an association between mortality in England and Wales and atmospheric pollution from smoke and sulphur dioxide. 
